ABSTRACT
INTRODUCTION
Gold is a noble metal that widely used in various fields, including health, industrial electronics, jewelry, and even in food and drink [1] . The relative abundance of gold in the ore is estimated about 0.004 g/ton [2] , which is less than gold content in electronic waste (ewaste) [3] . Nowadays, the consumption of gold has increased, this condition encourage researchers to develop gold isolation method. There are several methods to uptake gold from aqueous solution, such as solvent extraction, precipitation and adsorption [4] .
Among those methods, adsorption has been considered to be promising one for gold recovery due to high efficiency and can be applied in low concentration [5] [6] .
In the development of the adsorbent, silica gel has been widely studied because it has large surface area and stable in acidic medium [7] [8] . Silica gel surface consists of siloxane (Si-O-Si) and silanol (Si-OH) groups that allow to be modified through covalent binding with surface functional groups such as -CN, -SH, and -NH 2 [9] . Modification of silica surface can increase the adsorption effectivity and selectivity of the metal ions [10] . Adsorption of Au(III) by silica modified with organic compounds containing amine groups provides greater capacity [11] , which increases along with the increasing amount of amine groups on the silica surface [12] .
Chitosan (N-deacetylated form of chitin) is renewable biopolymer that has attracted great attention as a bio-sorbent due to its significant adsorption potential for the removal of heavy metal ions [13] . The presences of the amine group and the hydroxyl group that are widely available in chitosan makes chitosan to be able to form chelates with almost all metal ions [14] . However, chitosan has disadvantages when it is used directly as an adsorbent because of its solubility in acidic solution. Amine and hydroxyl groups in chitosan are active sites and allow for modification with inorganic material such as silica to form a hybrid organic-inorganic material with better performance, i.e. more stable and showing higher adsorption capacity. Silanol groups of silica can form covalent bonding with hydroxyl group (C-6) of chitosan [15] . However, other interaction such as hydrogen bonding and electrostatic attraction also play a role in the formation of hybrid material [16] .
Adsorbent in a batch system is usually collected via centrifugation or filtration, which is not effective [5] Development of adsorbent with magnetic property offers easier adsorbent separation from aqueous solution using an external magnet [17] and synthetic magnetic materials such as magnetite (Fe 3 O 4 ) usually is used as magnetic source. However, in the fabrication of synthetic magnetic materials generates new waste. Iron sand can be used as an alternative source of magnetic materials, because the main composition of iron sand is oxides of iron such as Fe 3 O 4 , hematite (α-Fe 2 O 3 ), and maghemite (γ-Fe 2 O 3 ) [18] .
In this paper, we report modification of magnetic material iron sand coated silica with chitosan and adsorption characteristics of Au(III) in a batch system. Synthesis was carried out via sol-gel process in an ambient temperature. The influence of initial pH of the Au(III) was investigated, Langmuir and Freundlich [19] isotherms were used to evaluate the equilibrium adsorption data and the adsorption kinetics was studied using pseudo first order and pseudo second order models [20] .
EXPERIMENTAL SECTION

Materials
Iron sand sample was obtained from coast of Bugel, Kulon Progo, Yogyakarta, Indonesia. Magnetic material (MM) was separated from iron sand with Neodymium permanent magnet, grounded to 200 mesh and washed using water to remove impurities in MM iron sand, then washed with HF solution 10% to reduce the silica content in BM (because the BM is subsequently coated with silica, so there will be no competition or interference between the silica coating with the silica contained in the magnetic material). After treatment with HF solution, magnetic material was rinsed with water till neutral and then dried at temperature 80°C for 4 h. Sodium silicate (Na 2 SiO 3 ) solution (25-27% SiO 2 ), acetic acid, and ammonium hydroxide, HCl, HF, and HAuCl 4 1000 mg L -1 solution were purchased from Merck. Chitosan (degree of deacetylation ≥ 90%) was purchased from CV Chemix Yogyakarta. Chitosan solution that used in this experiment was obtained by dissolving amount of chitosan in 1% acetic acid.
Instrumentation
The equipments were used in this research: stirrer, external magnet (Neodymium, grade N35, size 40 mm x 30 mm x 10 mm), oven, grinder, pH-meter, shaker have been used on synthesis and adsorption process. An FTIR spectrometer (Nicolet Avatar 360 IR), an X-Ray Diffractometer (XRD) Rigaku Multiplex, a scanning electron microscope (SEM)/energy-dispersive X-ray (EDX) spectroscopy (JEOL JSM-6360LA), a vibrating sample magnetometer (VSM) (OXFORD 1,2T), and Thermogravimetric analysis (TGA) NETZSCH STA 449F1 Jupiter were used for characterization of the produced materials. The stability of chitosan on the iron sand magnetic material coated silica was examined by measuring the absorbance of dissolved chitosan using UV-Vis spectrometer (Shimadzu) [21] . Iron ion concentration released from the materials and Au(III) in supernatant were determined using a flame atomic absorption spectrophotometer (FAAS, Analytic Jena 300).
Procedure
Synthesis and characterization
Synthesis of silica-chitosan hybrid coated on iron sand magnetic material (MMSC) has been done via sol-gel process. About 0.5 g of MM, 1 mL of sodium silicate solution, and 30 mL chitosan solution were used in the synthesis process to get mole ratio of Fe in MM to silica 1:1. In this study % w/v of chitosan solution was varied 1, 2, and 3%. MM was activated with 1 mL of HCl 1 M, then mixed with 1 mL (3 mmol) sodium silicate solution and deionized water. The mixture was stirred with addition of HCl 1 M solution drop wise to reach the pH of 10, then immediately was poured into chitosan solution and stirred for 1 h at a room temperature till homogeneous. NH 4 OH 0.5 M was added into the mixture drop wise to get the pH of 7, and gelling occurred. The resulted gel was left overnight in a close container, then washed with deionized water and dried at 60°C for 24 h. The solid material was grounded, washed and separated with an external magnetic field. Material attracted was dried at 60°C for 6 h then characterized with FT-IR spectrophotometer, XRD, SEM-EDX TGA, and VSM.
Adsorption
Adsorption was carried out in a batch system by adding 20 mg of adsorbent in 10 mL of Au(III) solution (100 mg L -1 ) at various pHs from 1 to 6. The mixture was shaken for 2 h, then adsorbent was separated with a magnet. The concentration of Au(III) in supernatant was analyzed with FAAS. The concentration of Au(III) adsorbed was calculated using equation
where Q represents the amount of the Au(III) adsorbed (mg g ), respectively; V is volume of adsorbate (L); and W is the mass of the adsorbent (g).
An analog procedure at optimum pH was carried out with varying contact time (5, 10, 30, 60, 120, and 240 min) to study the kinetics of the adsorption. The pseudofirst order and pseudo-second order kinetic models were examined and rate constants were calculated. The similar adsorption at various initial concentrations of Au(III) solution in a range 50-300 mg L -1 at constant pH and contact time was conducted. The resulted data was evaluated with Langmuir and Freundlich equations to determine the adsorption capacity [19] .
RESULT AND DISCUSSION
Characteristics of Silica-Chitosan Hybrid Coated on Iron Sand Magnetic Material
Functional group
In the hybridization of silica and chitosan, chitosan solution which used referred to the previous research with the concentration in a range of 1-3% [13, [22] [23] .This is related to the viscosity of chitosan solution, where the more viscous solution, the mobility of molecules decreases. In this research, a preliminary study of chitosan with variation of 1-3% (weight/volume) was conducted to obtain optimum composition of chitosan solution used for the next stage. Weight of the product increased along with the greater percent of chitosan added. However, the use of chitosan 3% gave too viscous solution leaded to inhomogeneous mixture of MM and sodium silicate, and part of materials were lost during washing. The utilization of chitosan solution of 1 and 2% generated more homogeneous mixture.
FTIR spectrophotometric analysis was carried out in order to verify the presence of silica coating and attached chitosan. Synthesis of MMSC using sol-gel Fig. 2 . FTIR spectra of MMSC 2% provides higher intensity of characteristic peaks of chitosan than that of MMSC 1%, indicating that using 2% chitosan solution is an optimum composition of the silica modification. Therefore, MMSC Structure and morphology XRD pattern of MMSC is shown in Fig. 3 . Wide peak at 2θ from 18-27° corresponds to diffraction of the silica-chitosan. Diffraction peaks of silica commonly appear at 2θ = 17.8°; 19.1°; and 20.6° [15] . Peaks of silica at XRD pattern MMSC are shown in 2θ = 18.30° and 18.26°. Peak of chitosan on MMSC is shown at 21.14-22.36°. Compared with pure chitosan diffraction (2θ = 20-22°), emerge a decline of chitosan crystallinity on MMSC. This is because chitosan has interacted with silica, where the intrinsic hydrogen bonds between the amine and hydroxyl groups broke up and the bond of hydroxyl and amine groups of chitosan with polysiloxane group of silica formed [8] . Peak at 2θ 10° of pure chitosan is not already visible on the XRD pattern of product. It is assumed that chitosan binds covalently to silica [24] . The characteristic peaks of MM do not significantly change, which indicates the coating process do not damage the structure of magnetite.
Surface morphology of MMS and MMSC is shown in Fig. 4 . The SEM photograph of surface morphology shows an irregular shape with size ranging from 40-192 µm. The surface of chitosan modified material looks more rugged than MM-silica surface. The result analysis with EDS data for content of carbon, oxygen, nitrogen, silica, and iron in products is shown in Table  1 . The percentage of the carbon and nitrogen in MMSC is higher than that in MM-Silica (MMS). The presence of nitrogen atom in MMSC indicates that chitosan is contained in the product. The decline in the percentage of iron shows that MM was coated. The percentage of silica in the MMSC surface also decreases, indicating the surface of the material is dominated by chitosan.
Magnetic properties
The amount of silica-chitosan coated on MM may affect magnetic property of the product. Magnetic property analysis has been carried out with VSM, a power of the external magnetic field has been applied to produce a hysteresis curve describing the magnetic properties of samples. This curve resulted from analysis of coated and un-coated MM is expressed in Fig. 5 . The magnetic parameters including saturation field value (Ms), coercivity field (Hc), and permanent magnetization (Mr) have been calculated and presented in Table 2 . The hysteresis curve represents the energy required for magnetization. From Fig. 8 seems that all materials investigated give small curve area, indicating low energy for magnetization and are classified as soft magnet. Coating magnetic material with chitosan-silica hybrid leads to decrease of magnetization. From Table 4 , based on the Ms value, it can be seen that coated-MM gives lower magnetic property than un-coated one. Magneticity of single layer coating (MM-silica) is higher than multilayer coating (MMSC).
Thermal analysis
TGA analysis was performed to determine the composition and to predict thermal stability of the material. Analysis was conducted for MMS and MMSC. Analysis was performed with a flow rate of 50 mL min -1 at nitrogen atmospheric condition. Samples were placed in an aluminum sample container and analyzed from a room temperature up to 800°C. The amount of organic and inorganic materials contained in the product can be predicted from the percentage of weight lost displayed in TGA curve [25] .
TGA curve of the materials synthesized is shown in Fig. 6 . At low temperature, weight loss from 50 up to 170°C (endothermic peak) corresponds to the evaporation of physically adsorbed water. Weight loss at a temperature 200-800°C at MMS is attributed to the escape of water due to formation of siloxane groups from silanol groups [26] . Chitosan started to undergo rapid thermal destruction at 200-300°C [27] . Decomposition of the polymer chain in MMSC occurs rapidly at temperature range of 243.5-330°C about 16.66%. Decomposition continues slowly until temperature of 700°C with weight loss about 10.11%. Decomposition phase II and III was derived from organic material (chitosan). Thermal destruction of chitosan occurs at a temperature of 200-300°C is associated with oxidation of -NH 2 and -CH 2 OH. At temperature of 600°C decarboxylation of oxidized -CH 2 OH groups, termination glycoside bond, and release of nitrogen oxides from oxidized amino groups occur [28] . At temperatures above 700°C the remaining weight is estimated from inorganic material silica and MM about 66%. All of the characterization (2) complexation results of the product indicate that modification silica coated on MM using chitosan has been successfully performed with weight ratio between inorganic material (MMS) and chitosan is 2.5:1.
Adsorbent Stability
The stability test of the adsorbent was evaluated based on the solubility of iron and chitosan in MMSC at various pHs (1 to 6). Percentage of iron dissolved from the adsorbent is shown in Fig. 7 . At pH 1-2 the Fe ion dissolved from MM is higher than MMS and MMSC. At pH of 3-6 the percentage of iron released from MM, MMS, and MMSC are not different significantly with relative low percentage. Modification of MM surface using silica and chitosan prevents the protonation of amine groups and causes low solubility. Under acidic condition (pH 1-2) after chitosan dissolved, the acid solution contacts to the silica and forms Si(OH) 4 leading to break Fe-O-Si bond. The surface of the magnetic material that is not protected contacts directly to the acid, and make iron ion to dissolve.
The adsorbent stability may be examined by measuring the chitosan dissolved at various pHs with UV-Vis spectrometer and calculated weight percent of chitosan that dissolved. Absorbance measurement was carried out on the supernatant of MMSC suspension at maximum absorbance at 282 nm. Percent weight of dissolved chitosan was calculated with gravimetry Fig. 8 . The absorbance of MMSC was relative high at pH 1 and decreased along with pH increasing. At pH 4-6 the absorbances of the products are not different significantly indicating that product is stable in this range of pH. Weight percent of dissolved chitosan is presented in Fig. 9 . The amount of chitosan that dissolved at pH 5 and 6 is the least, which indicate adsorbent is stable at this pH.
Adsorption of Au(III)
Effect of pH. The important factor that has to be considered to identify the interaction of adsorbent and metal adsorbate is acidity (pH). The acidity of medium affects the charge of adsorbent surface and stability of adsorbent. Moreover, acidity changes metal ion species. Effect of pH to the percentage of Au(III) adsorbed is presented in Fig. 10 Percentage of adsorbed Au(III) at pH 6 decreased because not all of the active sites of the adsorbent is protonated, leading to weak interaction of adsorbent and adsorbate. Possible interaction between chitosan and Au(III) may occur via ion-exchange, coordination, reduction [26] and electrostatic [14] . Possible interaction between MMSC and Au(III) is shown in Fig. 11 .
Adsorption kinetics
The effect of contact time on Au(III) adsorption by MMSC is illustrated in Fig. 12 . It was observed that metal ion adsorption increases with contact time and reaches maximum at 60 min. After 60 min Au(III) adsorption tends to achieve equilibrium. It is clearly stated that adsorption is fast at the beginning due to availability of large amount of active binding sites on the adsorbent. As the amount of active sites decreases, uptake rate of metal is controlled by rate transportation of the adsorbate from the exterior to the interior sites.
Adsorption rate constant (k) is one of the important parameters in the study on adsorption kinetics. In this study k is determined by applying pseudo-first order (Lagergren) and pseudo-second order (Ho) kinetics models. Parameters of kinetic adsorption are presented in Table 3 . Adsorption kinetic model was determined based on the value of coefficient linearity (R 2 ). Kinetic parameters data in Table 3 show that the adsorption of Au(III) on MMSC follows the pseudo-second order kinetic model. The R 2 of pseudo-second order is higher than the pseudo-first order model. Additionally, the theoretical value of q e in pseudo-second order kinetic model is closer to the experimental one.
Adsorption Isotherm
The effect of initial concentration on Au(III) adsorption by MMSC has been studied by keeping other parameters (like pH, dose of adsorbent, and contact time) constant, and the data is expressed in Fig. 13 . The initial metal ion concentration provides an important driving force to overcome all mass transfer resistance of the metal between aqueous and solid phase [30] . Based on the results it can be revealed that as the initial metal ion concentration increases the percentage removal of Au(III) decreases. At low concentration of metal ion the active binding sites of adsorbent remains unsaturated offering large surface area for metal ion adsorption while at higher concentration accumulation of adsorbent particles leads Table 4 . Freundlich isotherm is determined based on the equilibrium relation between the surface of heterogeneous adsorbent and adsorbate. The high K F value (Freundlich constant) presents the easiness of adsorption process in solution [31] . Langmuir adsorption isotherm is examined based on the adsorbent monolayer surface and all sides of the active surface of the adsorbent give the same affinity to interact with adsorbate. K L value (Langmuir constant) relates to the adsorption energy. The higher of the K L value indicates the increasing affinity of adsorbate to the adsorbent. The correlation coefficients obtained from the Langmuir and Freundlich plots are 0.9995 and 0.793, respectively. The higher correlation coefficient R 2 value indicates the better fit and applicability of Langmuir isotherm model to the adsorption experimental data, with adsorption capacity of 149.254 mg g -1 . The q max value of each of these adsorbents is greater than the unmodified modified capacity of BM-silica adsorption which is only 15.945 mg g -1 . The adsorption capacity of MMSC is also greater when compared with adsorption capacity of magneticchitosan (17) and cotton fiber/chitosan (14) .
CONCLUSION
The present study shows that modification of silica coated on iron sand magnetic materials with chitosan via sol-gel method has been successfully carried out. The product showed as an effective adsorbent for Au(III) from aqueous solution. Hysteresis curve of MMSC showed magnetic property so that the adsorbent can be separated easily from solution with external magnet field. . Further study regarding to desorb Au(III) from the adsorbent is interesting for further study to confirm the appropriateness of the adsorbent for recovery application of gold.
